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1.1 #HREXER

B o 3 AR A el R ORI VR
b (N43° 48’ 43.57", E125° 23’ 38.50") . i
FHEMERENGHA X, J&FICES KRR
fie, HIEBAUG IR E A LR, MY
FEERG RO IERRTER E (Argiudolls )
FLARH A5 BOLRTSC
1.2 Rt

i 4 2k Bl e A R RS AR E (CK)
FFEFFIRIE (DAS) AbH, CKANEZE, At H S
FF; DASARFRAE20114F11 A MEATRE AR, 6 H
12 000 kg hm™, —RPE4aEAEH, Itk AL
(JR%450 kg hm ™) , EAREEHEE LRG>,
CKEDASH AT #AE. T20124E10H REKZ
(0~20 cm) FIEE)ZE (20 ~40 em ) (4, it
R T BEEE AR UL R 1. bt A g % A SR AR ZH R A
A LIRS B K2,

F1 iR TiERyEAMR

Table 1 Basic properties of the soil tested in the experiment

s [N BB Ko AR AR A
RHRE R _ N , . -
Organic matter Total N Alkalytic N Available P Readily available K pH
Soil type Depth (em) » » » » »
(gke™) (gke™) (mgkg™) (mgkg™) (mgkg™)
o4 0~20 20.51 1.02 77.70 11.52 74.46 7.71
Black soil 20 ~ 40 19.28 1.45 84.23 11.66 67.87 7.77
#F2 HRTIEABRGKMARKTENHIE
Table 2 Composition and organic carbon content of the soil aggregates tested in the experiment
- RS b S AT XY G FHL B
A i
Depth Fraction of particle size Ageregate relative content Organic carbon contens
Soil type »
(em) (mm) (%) (gkeg™)
>2 17.51 15.04
2~0.25 40.40 13.68
0~20
0.25~0.053 20.94 12.84
LS <0.053 18.59 11.83
Black soil >2 7.294 14.60
2~0.25 47.33 12.54
20 ~ 40
0.25~0.053 21.97 13.21
<0.053 20.95 12.07
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A EME, SRAKBr R ( HuMIK B 5 i E i
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WE128YK, 3 PERS em™, RITILES B 194047
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2.1 FEFREN TIEFARBKHHuT RE MBI M

JER R EEHC, H, O, N, SSEILELIN,
H AR R I -COOH A2 3 - O HEUR Ay 55 75 i
ghRy, bike . BERIER . BRAKALS P NE BALS Y4h
GTHESW B BT H/CH (0+S) /CEER
FLRE S ok R AE Hudi & 5 A4 AL BE s ), 1Y
CHESHuMAAER R, (0+S) /CHAESHu
1A B SR T

RSC ) Hr CRAR B 2 )2 R 36 J2 14 F- 35 4 LI
FHN13.2 g kg™, DASKEEH14.2 ¢ kg™, LTFHiR
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T HERE R . R P AR AL AR
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TEHuECE B 454 I

B30T 0L, I 7 35 48 0 Hu i 3 il it 72
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Table 3 Effects of DAS on elemental composition of HA in soil aggregates
Depth i Fraction of particle size ¢ . i . N . 0+Sl C/N (0+S) /C H/C
(om) Treatment o) (gkg™) (gkg') (gkg') (gkg)

0~20 CK >2 730.0 44.01 29.35 196.6 0.0345 0.2020 0.7235
2~0.25 737.7 47.38 30.11 184.8 0.0350 0.1879 0.7707
0.25~0.053 758.4 44.52 31.07 166.0 0.0351 0.1642 0.7044
<0.053 731.1 44.67 28.62 195.6 0.0336 0.2006 0.7332
X 739.3 45.14 29.79 185.8 0.0345 0.1887 0.7329
DAS >2 836.5 46.17 31.41 85.93 0.0322 0.0770 0.6623
2~0.25 780.5 48.87 31.90 138.8 0.0350 0.1334 0.7515
0.25~0.053 790.9 4791 32.46 128.7 0.0352 0.1220 0.7268
<0.053 749.0 44.09 29.85 177.0 0.0342 0.1773 0.7064
X 789.2 46.76 31.40 132.6 0.0341 0.1274 0.7117
20 ~ 40 CK >2 542.2 43.30 24.77 389.7 0.0392 0.5390 0.9583
2~0.25 637.8 43.77 31.45 286.9 0.0423 0.3374 0.8234
0.25 ~0.053 640.3 48.61 28.70 282.4 0.0384 0.3308 0.9110
<0.053 680.6 46.90 33.40 239.1 0.0421 0.2636 0.8271
X 625.2 45.65 29.58 299.6 0.0405 0.3677 0.8800
DAS >2 717.4 46.97 31.80 203.8 0.0380 0.2131 0.7857
2~0.25 839.0 49.30 32.69 78.99 0.0334 0.0706 0.7051
0.25~0.053 674.8 46.31 33.00 245.9 0.0419 0.2733 0.8236
<0.053 681.1 45.77 32.88 240.3 0.0414 0.2646 0.8064
X 728.1 47.09 32.59 192.3 0.0387 0.2054 0.7802

TE: CKOARTEFTHIL,

DASHFSFFIERE ; X hHUASKRL A EE . FlRNote: CK represents no-straw applied, DAS represents

deep application of straw, Xrepresents the average of four fractions of aggregates. The same below

BR6.53%M115.20% ; F)JZ MW RZ V& A &
CK35729.8 ¢ kg 'H129.6 g kg™, DASH5IN
31.4 g kg 'M132.6 ¢ kg™, FhE IR 5514 5.28% A
9.70% . BLWATREFIRIEEEHum B . Ao =T,
HERZBRERTRZ, 5SOCEMME—
2. NarendrafliRattan [33] e AR T, +
ek . RE st kA AR,

CKEEZEMELZE (0+S) /CFEHH 75 K
0.189F10.368, DASZ | 0.127F10.205, KR
&5 3R 38.8% F1156.6% , i FAAS FF A AL (i Hu i
AACRE AR . B R Ha & 78 5 £ 00 WP R SR

HEREE, BERIEMETT, WEREBETN D, R
AWTE I, Huf LB TR o A BB 45 2R T fig 2
T A A AT B T B2 H A Hu, B Hu i %80
AR o X T4 AT B34 A Hu %801k B2 B3 AR 1 244 52 )
AR THE— L RIBESE
2.2 BHREXNLRARKFHuERMNETEEY
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S REATRIE, LR Hu i 20803
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BEC-HAR4EIES) ) . 1720 em™ (JRILH) C=0fh454E
) . 1620 em™ (FHEC=CIHZERS) .
FER WO AR ERE (%) NRAPIR. &
AR, NSRS AAE D E2E5 . sk
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8.31%, FFARIREE/> 9 ]27.1%M20.4% ;5 51 720
em SEEIMETT T, CKFEJZ M KJZ 505 48.59%F1
8.24%, DASHF I NT.OT%MT.62% , FEAK R EE 43 5]
F7.36%7.92% . Vi 18RS FF IR I ARl 3% 2 R
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RIE R T R, BUE YR Hu gy 45 4
b7, T Hu 8 Ak B 1

Tl A IR 34 T - 48 AT 3R A rp Hu AR 1 79 52 i)
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Fig.1 Effects of DAS on FTIR spectra of Hu in soil aggregates
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BRI RIAE T Hu 2Z #8538 (DTA) ¥ ##
TE PR A R R AR (R 2) IR R
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454 ~ 466°C . Ml i BR T2 A BRI 2 B A 5T 4y
T A BB A8 A 0 R N RN T AR 4 1) o fi
1o A BRI T B L o N D AL E Y
I3 AN 58 A S AR R BN o

Lo REFFIRE , 48 A R b Hu i $RS e
BT REAM (F5) o DASK R H IR A

W IR A TCK; >2 mm. 0.25~0.053 mm#ll
<0.053 mmbi Z¢ 1Y = il R G IR 1 5 T CK
CK AP i i A4 1.08 kT ¢, DASH1.31
kJ g7, THElEIE 219.0 %; CKE iR iy 1y
i #6.03 k] ¢!, DASH5.36 kJ ¢, FEACIEEE K
11.8 %; il B> | PRI 2 A
R/ SRR, CKFIIENS.70 k] &', DASH
4.16 kJ g, FRARIEREE M31.2 %, LA b Ui IR AR
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Table 4 Effects of DAS on relative intensity of the main absorption peaks of FTIR spectra of Hu in soil aggregates
RARTRE e R AHXFIRJE Relative intensity (% ) FL{E Ratio
Depth Fraction of particle size
(om Treatment (o) 2920 cem™ 2850 cem™ 1720 em™ 1620 cm™ 2920/1 720 2920/1 620 2920/2850
0~20 CK >2 15.30 11.36 9.938 4.681 1.539 3.268 1.347
2~0.25 8.173 6.076 6.186 7.873 1.321 1.038 1.345
0.25 ~0.053 11.27 17.33 11.39 7.860 0.990 1.434 0.650
<0.053 9.345 6.808 6.871 7.963 1.360 1.174 1.373
X 11.02 10.39 8.595 7.094 1.303 1.728 1.179
DAS >2 12.60 7.984 6.338 6.360 1.988 1.981 1.578
2~0.25 7.556 6.581 7.170 8.424 1.054 0.897 1.148
0.25 ~0.053 8.536 7.356 7.373 5.428 1.158 1.573 1.160
<0.053 10.91 9.723 11.03 11.35 0.989 0.961 1.122
X 9.899 7911 7.977 7.890 1.297 1.353 1.252
20 ~ 40 CK >2 8.971 4.300 7.549 9.837 1.188 0.912 2.086
2~0.25 14.60 12.96 8.565 9.621 1.705 1.517 1.127
0.25 ~0.053 13.88 10.27 8.494 10.36 1.634 1.340 1.351
<0.053 19.99 13.29 8.382 7.613 2.385 2.625 1.504
X 14.36 10.20 8.248 9.357 1.728 1.599 1.517
DAS >2 15.95 8.589 6.949 8.684 2.296 1.837 1.857
2~0.25 19.56 9.756 7.901 6.806 2.475 2.873 2.005
0.25 ~0.053 8.919 3.648 7.823 8.545 1.140 1.044 2.445
<0.053 15.30 11.26 7.805 8.865 1.960 1.725 1.358
X 14.93 8.314 7.620 8.225 1.968 1.870 1.916
461
AT R M Hu B 45 5 2 BE AR, X 5 AR 45 2R

CK-0-20

=2mm

i\J
=

2mm

DAS-0-2(
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Fig. 2 Effects of DAS on DTA of Hu in soil aggregates
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Table 5 Effects of DAS on exothermic heat of Hu in soil aggregates in differential thermal analysis
A
RIEREE Lb R Exothermic heat (kJ g™") R/
Depth Fraction of particle size Exothermic heat ratio of moderate
(em) reament Cmm ) il i and high temperature
Moderate temperature  High temperature
0~20 CK >2 1.270 6.540 5.150
2~0.25 1.170 5.840 4.991
0.25 ~0.053 1.030 5.570 5.408
<0.053 0.851 6.160 7.241
X 1.080 6.028 5.697
DAS >2 1.430 4.820 3.371
2~0.25 1.420 5.110 3.599
0.25 ~0.053 1.170 5.900 5.043
<0.053 1.210 5.590 4.620
X 1.308 5.355 4.158
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Effect of deep application of straw on composition of humin in soil aggregates

ZHU Shu  DOU Sen'
( College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China )

Abstract How to handle surplus crop straw has become an important topic that calls for urgent solution
in the agricultural regions of China. Straw incorporation into the field is one of the main methods of straw
utilization. The method of straw incorporation used to either overcast the straw on the surface of the field like
mulching or incorporate the straw into the shallow topsoil layer, which would obviously bring about some
problems, like hindering seed germination and seedling growth, impeding rise of soil temperature, and
favoring incidence of plant diseases and insect pests, while its effect on accumulation of soil organic matter is
so limited that it would not help solve the problems, like thinning of the plough layer and depleting of organic
matter in the subsoil layer. Deep application of straw ( DAS ) extends the extent of soil building from topsoil,
as it was previously, down to subsoil, which would not only help solve problems, like thinning of the plow
layer, shortage of organic manure, declining water holding capacity, but also reduce environmental pollution
from burning of straw, while achieving the ends of sequestrating carbon, conserving soil water, building
up soil fertility and rasing crop yield. Although some reports are available on change in structure of Hu after
DAS, few have been published on Hu in soil aggregates.

Soil samples were collected from an experimental corn field under long-term mono-cropping in the Jilin
Agricultural University Experiment Station. The experiment field of black soil was divided into two plots,
one cultivated under DAS and the other without DAS ( CK) . In the plot under DAS, ditches were dug along
the furrow in-between two rows of corn plants in November 2011, with a section like a bottom-up isosceles
trapezoid, 60 cm wide in the upper opening, 40 ¢m wide in the bottom and 40cm in depth. In the process of
digging, the soils of the toplayer (0 ~20 ¢m ) and the sublayer ( 20 ~ 40 ¢cm ) were dug out layer by layer and
placed separately on either side of the ditch. Once a ditch was dug into shape, corn stalks, cut into 3 ~5 cm
in length were applied into the deep ditch evenly at a rate of 12 000 kg hm™, together with N fertilizer (urea
450 kg hm™>) , and then the removed soil was placed back into the ditch, the sublayer soil first and then
the toplayer soil forming a big ridge, which was let subside naturally. After the practice of DAS finished,
the two plots were cultivated with corn in the same pattern. At the end of the cropping season, soil samples
from the topsoil and subsoil layers of the two plots were collected and screened separately into four factions of
soil aggregates, >2mm, 2 ~0.25 mm, 0.25~0.053 mm and <0.053 mm with the wet sieve method. Hu was
extracted with the HC1-HF extraction method from each fraction of soil aggregates, and analyzed for element
composition and structural features with the infrared spectroscopy and differential thermal method. Comparison
was performed to determine effects of DAS on Hu structural feature. The findings of the study may provide
some theoretical basis for how to improve soil fertility and build up a proper plow layer with DAS.

Results show that the Hu in the plot of DAS is higher in carbon content, varying in the range of 542 ~ 839
g kg™' and averaging 721 g kg™', with H/C in the range of 0.662 ~ 0.958, and being 0.776 in average, and
higher than HA in carbon content and condensation degree. DAS was found to increase carbon and nitrogen
contents, and reduce Hu oxidation and aliphatic hydrocarbon degrees. The effects are more significant in

the sublayer soil than in the toplayer soil. Besides, DAS increases active structure of the Hu, but lowers
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its stability, To sum up, DAS increases carbon and nitrogen contents in Hu, while making it simpler and

younger in structure.
Deep application of straw; Soil aggregate; Humin; Element composition; Infrared
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